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Abstract: Local structures significantly influence the stimulated radiation of rare earth ions in inorganic materials.
However, quickly obtaining local structure information remains a challenge. In this investigation, we combined first-
principles calculation with machine learning. From the calculation results, it can be shown that the ionic radii, coor-
dination numbers, ligands, and polyhedral shapes of rare earth ions impact the local structural bond lengths of rare
earths. Using the BPNN (Back-propagation neural network) and SVR (Support vector regression) algorithms, con-
sidering 22 chemical and structural influencing factors, we were able to accurately predict the bond lengths of rare
earth ions. The contributions of these chemical features were quantitatively analyzed and found multiple factors affecting
the bond lengths. Based on the learned model, the bond lengths of 96 unknown rare earth inorganic crystals were pre-

dicted, and validated with first principles calculation. The high feasibility demonstrates that this easy and quick

Wi B : 2025-09-18; &7 B : 2025-10-09
EEWH: MK AAREIES(62475104) ;5 B} B R E S HFBE 0l BF 555 4F WA (YSBR-024) 5 BE R 07 R g AL BRIV 52l 55
B (21624407) 5 A48 B I S B0y FVAIF 5 T 3 9 960 2 P e 4 BT B 0T H (XTKY-202402)
Supported by National Natural Science Foundation of China(62475104) ; Chinese Academy of Sciences (CAS) Stable Support
Project for Basic Research Youth Teams ( YSBR-024) ; Jinan University Fundamental Research Funds for the Central Universities
(21624407) ; Open Fund of the Guangdong Provincial Key Laboratory of Rare Earth Development and Application (XTKY-202402)
o LR BT



CERE

BRI 2R, 55 JOHLAR MR RE PR L B T R B o7 B 1 A 25— P R T 5 5 L 2 ) TR 23

evaluation method for local structures of rare earth ions provides a valuable approach for predicting, designing, and

optimizing the local structures and properties of functional inorganic materials.
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rare earth-doped crystals
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The structure information, including space group, coordination number, anionic ligand, polyhedral shape and k, of the

Rare earth-doped

Space group Coordination number  Anionic ligand Polyhedral shape ke
crystal

La,0, P-3m1 7 (0] Face-capped octahedron 0.439
La,S, Pnma 7 S Square-face capped trigonal prism 0. 627
YLF 141/a 8 F Dodecahedron with triangular faces 1. 006
LaSi,N P2,-2,-2, 9 N Tricapped triangular prism 0.232
La,AlLO, P1 5 0 Square pyramid 1.075
ScPO, P2 /c 5 0 Triangular bipyramidal 1.016
La,AlL,O, P1 6 0 Octahedron 0.953
LuBO, R3ch 6 0 Octahedron 0.919
La,Si,0, P2 /c 6 0 Pentagonal pyramid 0. 869
Y,Si0y C2/c 7 0 Pentagonal bipyramid 0.739
Lu,Si,0, P422 7 0 Pentagonal bipyramid 0.726
Lu,SiO; P2 /c 7 0 Pentagonal bipyramid 0. 697
La,PO, Cm 7 (0] Square-face capped trigonal prism 0. 670
YAG la-3 8 0 Cube 0.592
YBO, Pllm 8 0 Cube 0.584
LaF, P-3c1 9 F Tricapped triangular prism 0. 608
LaCl, P6s/m 9 Cl Tricapped triangular prism 0.615
LaBr, P63/m 9 Br Tricapped triangular prism 0. 606
Y,0, Fm-3m 6 0 Octahedron 0. 824
YS Fm-3m 6 Octahedron 0.702
YSe Fm-3m 6 Se Octahedron 0.674
YTe Fm-3m 6 Te Octahedron 0.597
Na,Lu(MoO,), 14 /a 8 0 Tetragonal —
YA13( 303)4 R32 6 (0} Trigonal —
LuVO, 14, lamd 8 (0] Tetragonal —
LuPO, 14 Jamd 8 (0] Dodecahedron with triangular 0.557
LaP,0, €222, 8 0 Dodecahedron with triangular 0.470
YB,O, P2 /e 9 (0] Square-face capped 0. 591
LaBO, Pnma 9 0 Square-face capped square prism 0. 647
LaPO, P2 /c 9 0 Tricapped triangular prism 0.458
GdB,0, C2/c 10 (0] Square-face bicapped square antiprism 0. 464
LaB,0, C2/c 10 (0] Square-face bicapped square antiprism 0. 382
La,B.O,, P2/c 11 0 Diminished icosahedron 0.118
YCl1 C2/m 6 Cl Octahedron 1. 025
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F1(4)
Rare earth-doped o o
Space group Coordination number  Anionic ligand Polyhedral shape ke
crystal
YBr, C2/m 6 Br Octahedron 0.977
Y1, R-3 6 1 Octahedron 0.91
YN Fm-3m 6 N Octahedron 0. 646
YP Fm-3m 6 P Octahedron 0.517
YAs Fm-3m 6 As Octahedron 0.503
YSh Fm-3m 6 Sh Octahedron 0. 506
K, YF, Fm-3m 6 F Octahedron 0.931
K,YCI Fm-3m 6 Cl Octahedron 0. 898
K,YBr, Fm-3m 6 Br Octahedron 0.874
K,YI, Fm-3m 6 I Octahedron 0. 834
KYO, R-3m 6 0 Octahedron 0. 764
KYS, R-3m 6 S Octahedron 0.728
KYTe, R-3m 6 Te Octahedron 0. 740
YPO, 14 Jamd 8 Tetragonal —
NaGdGeO, Pnma 6 (0] Orthorhombic —
Laz( wo,), C2/e 8 0 Monoclinic —
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Fig.7 The learned models in rare earth-doped crystal. BPNN(a) and SVR(b) results. (¢) Comparison of Shapley values for each

feature in BPNN and SVR. The characteristic features were also listed
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Fig.8 Comparison of the predicted and calculated bond lengths of 96 rare earth-doped unreported crystals, the prediction with

the learned BPNN(a) and SVR(b) models
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